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(54) Solid electrolyte fuel cell stack 

(57) In a polymer electrolyte membrane type fuel 
ceil (1) employing a high polymer ion exchange mem- 
brane as an electrolyte, a fuel cells stack is produced at 
low cost by easily constituting flow passages for a fuel 
gas (6), an oxidizing agent gas (7) and a cooling water 
(8) which have been conventionally constituted by a cut- 
ting process being hard to process and hard to reduce a 
cost. The fuel gas passage (6), the oxidizing agent gas 
flow passage (7) and the cooling water flow passage (8) 
are constructed by a combination of a diffuser consti- 
tuted by a conductive porous body or a corrugated plate 
(15) and an elastic gasket, whereby a cutting process is 
not required. The number of parts can be reduced and 
operating performance can be improved by integrally 
forming the gasket with the separator. 



FIG.1 



11- 

8-! 

7- 



12 



lillllllllllllllHIHHIIIllllllllllllllllllllllllllHHIIIIIHir. 



2^ W ^AWJ^iWlAW^^ 



iiiiiiiiiiiintiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiimiiiiniiiiiiiiii 



IlllllllllllllHllllllllllllllllllllllllllllllllllllllllllllllllli 



to 

4 

5 



-1 

] }3 



-1 



llHIIIIHIimilllllHIIIIHIIIIIlllllllllllHIHHIIIlHllllllK 



-1 



EP 0 975 039 A2 2 



Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates to a fuel cells 
stack which uses a polymer electrolyte membrane type 
fuel cell employing a hydrogen as a fuel and employing 
an air as an oxidizing agent. 

DESCRIPTION OF THE PRIOR ART 

[0002] A polymer electrolyte membrane type fuel cell 
uses an ion exchange membrane corresponding to a 
fixed polymer electrolyte for an electrolyte, a generally 
schematic view thereof is shown in Fig. 6. In this struc- 
ture using the ion exchange membrane 20, a fuel cell 23 
corresponding to a unit battery is constituted by forming 
a positive pole 21 and a negative pole 22 in a layered 
shape on both surfaces of the ion exchange membrane 
20 and combining them, in the case of employing a 
hydrogen as a fuel, in the negative pole, the following 
reaction is affected on a contact interface between the 
catalyst and the polymer electrolyte. 

H 2 ->2H + + 2e* 

[0003] Further, in the case of employing an oxygen as 
the oxidizing agent, in the positive pole, the following 
reaction is affected, so that a water is produced. 

1/20 2 + 2H + 2e--»H 2 O 

[0004] The catalyst corresponds to an activating point 
for the reaction, the electrode layer corresponds to a 
transmitting body for an electron in the reaction, and the 
polymer electrolyte corresponds to a transmitting body 
for a hydrogen ton. The fuel cell 23 is structured as 
shown in Fig. 7 such that a fuel gas flow passage is 
formed on one side surface and an oxidizing agent gas 
flaw passage is formed on the other side surface, and a 
lamination of each of the fuel cells is performed by being 
connected in series with using a separator plate 24 hav- 
ing the fuel gas flow passage and the oxidizing agent 
gas flow passage for supplying the fuel gas and the oxi- 
dizing agent gas and the cooling water flow passage for 
cooling the fuel cells stack, and a gasket 25, forming a 
laminated body 26 as shown in Fig. 8 so as to form a 
fuel cells stack and fastening by an end plate 27, 
thereby forming one power generating unit 
[0005] The fuel cells itself constituted in this manner 
becomes a heat generating source since an energy cor- 
responding to an excessive voltage in correspondence 
to a current density caused by a power generation at a 
time of generating a power. Accordingly in order to keep 
a temperature for operating the fuel cells to an optimum 
state, it is necessary to introduce the cooling water to 



the fuel cells stack so as to remove a generated energy. 
[0006] In order to secure the gas flow passages and 
constructing the flow passage for the cooling water, the 
flow passages, for the fuel gas, the oxidizing agent gas 

5 and the cooling water are made of a material which is 
excellent in conductivity, the separator for sealing and 
separating the respective fluids from each other and the 
gasket are required for the structure of the fuel cells 
stack, and a high density carbon or the like is employed 

io for the material of the separator. 

[0007] In the structure of the conventional fuel cells 
stack mentioned above, the fuel gas flow passage, the 
oxidizing agent gas flow passage and the cooling water 
flow passage are formed by cutting the high density car- 

is bon separator. However, since the gas flow passage is 
complex and it is complex and hard to construct the gas 
flow passage by cutting the high density carbon, this 
prevents a cost reduction. 

[0003] Further, in the fuel cells stack mentioned 
so above, since a plurality of separators, gaskets and fuel 
cells cells are laminated and constructed, a large 
number of parts which are necessary in an assembling 
process of the fuel cells stack is required, a positioning 
is hard due to a large number of parts, and much labor 
25 and time is required, so that this prevent a cost reduc- 
tion. 

[0009] As a method of solving the problems men- 
tioned above, there has been disclosed a technique for 
reducing a cost for processing the separator such as the 

30 structure of employing a metal material forming a pro- 
jection for the separator (Japanese Patent Unexamined 
Publication No. 8-222237), the structure of the gas flow 
passage using a porous plate or a corrugated plate 
(Japanese Paient Unexamined Publication Nos. 8- 

35 130023, 6-223836, 6-196177 and 8-203543) and the 
like. 

[0010] Further, there has been a technique for reduc- 
ing a number of the parts such as the structure of inte- 
grating the electrode with the gasket (Japanese Patent 
40 Unexamined Publication No. 8-45517), the structure of 
adhering and integrating the gasket with the metal sep- 
arator (Japanese Patent Unexamined Publication No. 6- 
196177) and the like. 

[001 1 ] However, in the conventional techniques men- 
45 tioned above, it is not possible to suff idently secure the 
same gas flow passage as that in the case of process- 
ing the high density carbon separator, and further, there 
is not shown a method of easily constructing the flow 
passages and reducing the number of the parts. 

so 

SUMMARY OF THE INVENTION 

[001 2] An object of the present invention is to provide 
a fuel cells stack which solves the conventional prob- 
55 lems mentioned above, constructs a flow passage eas- 
ily securing a sufficient gas flow passage as well as 
reducing a number of parts and can reduce a cost. 
[0013] In order to solve the problems mentioned 
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above, in accordance with the present invention, there 
is provided a fuel cells stack comprising a plurality of 
fuel cells each arranging an electrode on both side of a 
solid electrolyte, separators each constituted by a gas 
impermeable and dense plate having a conductivity and s 
gaskets laminated to form a plurality of layers, a fuel gas 
flow passage for supplying a fuel gas to the fuel cell pro- 
vided on one side surface of the fuel cell, and an oxidiz- 
ing agent gas flow passage for supplying an oxidizing 
agent gas to the fuel ceil provided on the other side sur- w 
face, wherein any one of the fuel gas flow passage, the 
oxidizing agent gas flow passage or a cooling water flow 
passage used for cooling the fuel cell is provided on the 
side surface of at least one of the fuel cell and the lami- 
nated separator, and the fuel gas flew passage, the oxi- is 
dizing agent gas flow passage and the cooling water 
flow passage provided in the separator are constituted 
by a combination of the gasket integrally formed with the 
separator and a diffuser formed by a porous body or a 
corrugated plate made of a material having a conductiv- 20 
ity t whereby it is possible to reduce a number of parts 
and reduce a processing cost of the separator by inte- 
grating the separator, various kinds of flow passages 
and the gasket. 

[0014] The fuel cells stack in accordance with the 25 
present invention is structured such that any one of the 
fuel gas flow passage, the oxidizing agent gas flow pas- 
sage or a cooling water flow passage used for cooling 
the fuel cell is provided on the side surface of at least 
one of the fuel cell and the laminated separator, and the 30 
fuel gas flow passage, the oxidizing agent gas flow pas- 
sage and the cooling water flow passage provided in the 
separator are constituted by a combination of the gasket 
integrally formed with the separator made of a gas 
impermeable and dense plate having a conductivity and 35 
a diffuser formed by a porous body or a corrugated plate 
made of a ^material having a conductivity. 
[0015] The present invention is constructed by simul- 
taneously integrally molding various kinds of flow. pas- 
sages to be formed together with the gasket on the gas 40 
impermeable and dense plate having a conductivity cor- 
responding to the separator. However, it is hard to con- 
struct the complex various kinds of flow passages only 
by the gasket. Accordingly, a rough flow passage is con- 
structed at the same time of a construction of the gas- 45 
ket, and a complex flow passage is constructed by 
combining the diffuser constituted by a porous body 
made of a material having a conductivity or a corru- 
gated plate in order to supplement this. It is possible to 
easily construct various kinds of flow passages by so 
attaching the gasket and the porous body made of the 
material having a conductivity or the corrugated plate to 
the separator so as to integrally mold. Further, since the 
structure is integrally molded, a number of the parts is 
reduced, a positioning can be easily performed in the as 
case of laminating and constructing a stack, a labor and 
time is reduced, and a cost can be reduced. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

Fig. 1 is a schematic view of a fuel cells stack in an 
embodiment in accordance with the present inven- 
tion; 

Fig. 2A is a schematic view of a fuel gas flow pas- 
sage of a separator A in an embodiment in accord- 
ance with the present invention; 
Fig. 2B is a schematic view of an oxidizing agent 
gas flow passage of the separator A in the embodi- 
ment in accordance with the present invention; 
Fig. 3A is a schematic view of a fuel gas flow pas- 
sage of a separator B in an embodiment in accord- 
ance with the present invention; 
Fig. 3B is a schematic view of a cooling water flow 
passage of the separator B in the embodiment in 
accordance with the present invention; 
Fig. 4A is a schematic view of an oxidizing agent 
gas flow passage of a separator C in an embodi- 
ment in accordance with the present invention; 
Fig. 4B is a view of a surface of the separator C in 
the embodiment in accordance with the present 
invention; 

Fig. 5A is a view of a surface of a current collector 
A in an embodiment in accordance with the present 
invention; 

Fig. 5B is a schematic view of a cooling water flow 
passage of the current collector A in the embodi- 
ment in accordance with the present invention; 
Fig. 6 is a schematic view which shows a principle 
of a fuel cells; 

Fig. 7 is a schematic view of a f tow passage in a 
conventional fuel cells separator; and 
Fig, 8 is a schematic view of a conventional fuel 
cells stack. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 7] Hereinafter, an embodiment in accordance with 
the present invention will be in detail described below 
with reference to the accompanying drawings. 
[0018] Fig. 1 is a schematic view which shows a struc- 
ture of a fuel cells stack in accordance with the present 
embodiment In Fig. 1, reference numeral 1 denotes a 
fuel cell generating a power by a hydrogen and an air, 
which is structured such that a positive pole and a neg- 
ative pole are formed on both surface of an ion 
exchange membrane in a laminating manner. Refer- 
ence numeral 3 denotes a separator A obtained by inte- 
grally molding a fuel gas flow passage 6 on one surface 
of a separator 2 and an oxidizing agent gas flow pas- 
sage 7 on the other surface thereof. Reference numeral 
4 denotes a separator B obtained by integrally molding 
the fuel gas flow passage 6 on one surface of the sepa- 
rator 2 and a cooling water flow passage 8 on the other 
surface thereof. Reference numeral 5 denotes a separa- 
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tor C obtained by integrally molding the oxidizing agent 
gas flow passage 7 on one surface of the separator. 
Reference numeral 9 denotes a current collecting plate 
and reference numeral 10 denotes a current collecting 
plate A obtained by integrally molding the cooling water 5 
flow passage 8 with the current collecting plate 9. These 
parts are arranged in such a manner that the fuel gas 
flow passage 6 and the oxidizing agent gas flow pas- 
sage 7 are respectively arranged in both sides of the 
fuel cell, and the cooling water flow passages 8 are 10 
arranged at a number necessary for cooling the fuel 
cell. In the structure shown in Fig. 1, a lamination is per- 
formed in the order of the current collector A10 - the 
separator C5 - the fuel cell 1 - the separator B4 - the 
separator C5 - the fuel cell 1 - the separator A3 - the fuel 15 
cell 1 - the separator B4 - the separator C5 - the fuel cell 
1 - the separator B4 - the current collector 8, and the 
structure of the fuel cells unit is made such as to 
arrange an insulating plate 1 1 on both of the current col- 
lectors and to be fastened by an end plate 12 having a so 
manifold for supplying a fuel gas, an oxidizing agent gas 
and a cooling water to the fuel cell and the cooling water 
flow passage 7. 

[0019] Figs. 2, 3, 4, and 5 respectively show struc- 
tures of the separators A, B and C and the current col- 25 
lecting plate A used in the present embodiment. 
[0020] Fig. 2 is a schematic view of the separator A, in 
which Fig. 2A is a schematic view of the fuel gas flow 
passage integrally molded with the gasket on one sur- 
face of the separator and Fig. 2B is a schematic view of 30 
the oxidizing agent gas flow passage integrally molded 
on the other surface: A conductive corrugated plate 15 
corresponding to a diffuser for complicating the flow 
passage is arranged between a fuel gas flow passage 
partition portion 1 3 and an oxidizing agent gas flow pas- 35 
sage partition portion 14 which are integrally molded 
with the gasket and roughly constituted. Reference 
numeral 16 denotes a manifold through which a cathode 
(an air) flows, reference numeral 17 denotes a manifold 
through which an anode (hydrogen) flows, and refer- 40 
ence numeral 18 denotes a manifold through which a 
cooling water flows. 

[0021] Fig. 3 is a schematic view of the separator B, in 
which Fig. 3A is a schematic view of the fuel gas flow 
passage integrally molded with the gasket on one sur- 45 
face of the separator and Fig. 3B is a schematic view of 
the cooling water flow passage integrally molded on the 
other surface. The conductive corrugated plate 1 5 cor- 
responding to a diffuser for complicating the flow pas- 
sage is arranged between the fuel gas flow passage so 
partition portion 13 and the cooling water flow passage 
partition portion 19 which are integrally molded with the 
gasket and roughly constituted. Reference numeral 16 
denotes a manifold through which a cathode (an air) 
flows, reference numeral 1 7 denotes a manifold through 55 
which an anode (hydrogen) flows, and reference 
numeral 18 denotes a manifold through which a cooling 
water flows. 



[0022] Fig. 4 is a schematic view of the separator C, 
in which Fig. 4 A is a schematic view of the oxidizing 
agent gas flow passage integrally molded with the gas- 
ket on one surface of the separator and Fig. 4B is a 
schematic view of a surface on which no flow passage 
is formed. A conductive corrugated plate 15 corre- 
sponding to a diffuser for complicating the flow passage 
is arranged between the oxidizing agent gas flow pas- 
sage partition portions 14 which are integrally molded 
with the gasket and roughly constituted. Reference 
numeral 1 6 denotes a manifold through which a cathode 
(an air) flows, reference numeral 1 7 denotes a manifold 
through which an anode (hydrogen) flows, and refer- 
ence numeral 18 denotes a manifold through which a 
cooling water flows. 

[0023] Fig. 5 is a schematic view of the current collec- 
tor A, in which Fig. 5A is a schematic view of a surface 
on which no flow passage is formed and Fig. SB is a 
schematic view of the cooling water flow passage inte- 
grally molded on one surface of the current collector A 
with the gasket. The conductive corrugated plate 15 
corresponding to a diffuser for complicating the flow 
passage is arranged between the cooling water flow 
passage partition portions 19 which are integrally 
molded with the gasket and roughly constituted- Refer- 
ence numeral 16 denotes a manifold through which a 
cathode (an air) flows, reference numeral 17 denotes a 
manifold through which an anode (hydrogen) flows, and 
reference numeral 18 denotes a manifold through which 
a cooling water flows. 

[0024] The gasket employed therein, and the fuel gas 
flow passage, the oxidizing agent gas flow passage and 
the cooling water flow passage which are integrally 
molded therewith are closely attached to a surface 
brought into contact with the respective flow passages 
at a time of fastening by the end plate so as to form a 
state of being sealed from an outer portion, and they are 
components of the fuel cell, so that a material having an 
elasticity, a sulfuric acid resistance and a heat resist- 
ance at about 100 °C, for example, an ethylene propyl- 
ene rubber (EPR) and a fluoro rubber is preferable. 
Further, a shape of each of the flow passages is not lim- 
ited to the present embodiment, and may be formed in 
correspondence to an object such as a height, a width, 
an interval and the like. 

[0025] Further, as a material for a gas permeable 
body made of a material having a conductivity as a dif- 
fuser, a metal, a carbon material, a conductive resin or 
the like is employed. A SUS, an aluminum, an iron or the 
like is preferably employed as the metal, an expansive 
graphite, a vitreous carbon, a glassy-like carbon or the 
like is preferably employed as the carbon material, and 
a phenol resin containing a graphite, a phenol resin con- 
taining a carbon fiber or the like is preferably employed 
as the conductive resin. Further; in order to improve a 
corrosion resistance and a conductivity, a material in 
which a surface treatment is applied by using a gold, a 
platinum, a carbon, a titan, a metal oxide, a metal 
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nitride, a metal carbide or the like is preferable, and in 
the case of employing the metal as the gas permeable 
material, it is particularly preferable to apply a surface 
treatment. Further, as a shape of the gas permeable 
body, a corrugated shape, and a porous body such as a 
metal cellmate or the like are employed. Both of the sep- 
arator and the gas permeable body can be manufac- 
tured at a low cost by employing a metal material, and 
they can be easily constructed by constructing them by 
means of welding. 

[0026] In this case, in a shape of the diffuser and a 
method of arranging the diffuser between the respective 
flow passages, it is preferable to consider a combination 
with the respective flow passages so that the gas and 
the cooling water efficiently flows, and accordingly they 
are not limited to the present embodiment. Further, at a 
time of arranging the diffuser, a treating performance of 
the separator can be improved by connecting the dif- 
fuser to the separator by a welding means such as a 
spot welding or the like, and accordingly, it is preferable. 
[0027] Further, the fuel cells stack in accordance with 
the present invention is not limited to the structure 
shown in Fig. 1 , and a number of the lamination of each 
of the parts, a laminating order and the like can be mod- 
ified in a desired manner. 

[0028] In accordance with the present invention, a cut- 
ting operation is not required by constructing the fuel 
gas flow passage, the oxidizing agent gas f|ow passage 
and the cooling water flow passage by a combination of 
the diffuser and the elastic gasket which are constituted 
by the conductive porous body or the corrugated plate, 
and the number of the parts can be reduced and an 
operating performance can be improved by integrally 
forming the gasket, so that a cost can be reduced. 

Claims 

1 . A fuel cells stack comprising a plurality of fuel cells 
each arranging an electrode on both side of a solid 
electrolyte, separators each constituted by a gas 
impermeable and dense plate having a conductivity 
and gaskets laminated to form a plurality of layers, 
having both ends gripped by current collectors, a 
fuel gas flow passage for supplying a fuel gas to the 
fuel cell provided on one side surface of the fuel 
cell, and an oxidizing agent gas flow passage for 
supplying an oxidizing agent gas to the fuel ceil pro- 
vided on the other side surface, wherein any one of 
said fuel gas flow passage, said oxidizing agent gas 
flow passage or a cooling water flow passage used 
for cooling said fuel cell is provided on the side sur- 
face of at least one of said fuel cell and the lami- 
nated separator,. and the fuel gas flow passage, the 
oxidizing agent gas flow passage and the cooling 
water flow passage provided in said separator are 
constituted by a combination of the gasket integrally 
formed with, the separator and a gas permeable 
body made of a material having a conductivity. 



2. A fuel cells stack as claimed in claim 1 , wherein the 
gas permeable body made of a material having a 
conductivity is constituted by a diffuser comprising 
a porous body or a corrugated plate. 

5 

3. A fuel cells stack as claimed in claim 1 or 2, wherein 
the gas permeable body made of a material having 
a conductivity is constituted by a metal, a carbon 
material or a conductive resin. 

10 

4. A fuel cells stack as claimed in any of claims 1 to 3, 
wherein the separator and the gas permeable body 
made of a material having a conductivity are consti- 
tuted by a metal. 

15 

5. A fuel cells stack as claimed in any of claims 1 to 4, 
wherein the separator and the gas permeable body 
made of a material having a conductivity are con- 
structed by welding. 

20 

6. A fuel cells stack as claimed in any of claims 1 to 5, 
wherein the gas permeable body made of a mate- 
rial having a conductivity is surface coated by a 
conductive material having a corrosion resistance. 

25 

7. A fuel cells stack as claimed in any of claims 1 to 6, 
wherein the conductive material having a corrosion 
resistance contains at least one selected from a 
group comprising a gold, a platinum, a carbon, a 

30 titanium, a metal oxide, a metqi nitride and a metal 
carbide. 
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(54) Solid electrolyte fuel cell stack 

(57) In a polymer electrolyte membrane type fuel 
cell (1) employing a high polymer ion exchange mem- 
brane as an electrolyte, a fuel cells stack is produced at 
low cost by easily constituting flow passages for a fuel 
gas (6), an oxidizing agent gas (7) and a cooling water 
(8) which have been conventionally constituted by a cut- 
ting process being hard to process and hard to reduce. 



a cost. The fuel gas passage (6), the oxidizing agent gas 
flow passage (7) and the cooling water flow passage (8) 
are constructed by a combination of a diffuser constitut- 
ed by a conductive porous body or a corrugated plate 
(1 5) and an elastic gasket, whereby a cutting process is 
not required. The number of parts can be reduced and 
operating performance can be improved by integrally 
forming the gasket with the separator. 
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